12 United States Patent

Nonaka et al.

US011100258B2

US 11,100,258 B2
Aug. 24, 2021

(10) Patent No.:
45) Date of Patent:

(54) REPAIR PLAN DRAFTING SUPPORT
SYSTEM, METHOD, AND PROGRAM

(71)
(72)

Applicant: FUJIFILM Corporation, Tokyo (JP)

Inventors: Shunichiro Nonaka, Tokyo (JP);
Masayuki Negoro, Tokyo (JP); Satoshi
Kubota, Tokyo (JP)

(73)

(%)

Assignee: FUJIFILM Corporation, Tokyo (IP)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 468 days.
(21) 15/907,492

(22)

Appl. No.:

Filed: Feb. 28, 2018

(65) Prior Publication Data

US 2018/0189423 Al Jul. 5, 2018

Related U.S. Application Data

Continuation of application
PCT/JIP2016/057929, filed on Mar. 14, 2016.

(63) No.

(30) Foreign Application Priority Data

Sep. 24, 2015 (IP) JP2015-187186

(51) Int. CL
GO6F 30/13
G060 10/06

(2020.01)
(2012.01)
(Continued)

U.S. CL
CPC

(52)
....... GOGF 30/13 (2020.01); GO6Q 10/06313
(2013.01); GO6Q 10/06316 (2013.01); GO6Q
10/20 (2013.01); GO6Q 50/08 (2013.01)

Field of Classification Search
CPC .. G06Q) 50/08; G06Q 10/06316; GO6Q 10/20;
G06Q 10/06313; GO6F 30/13

(Continued)

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

5421,204 A * 6/1995 Svaty, Jr. ............ GO1IM 5/0033

73/786
GO7C 3/00

73/865.9

5533413 A * 7/1996 Kobayashi

ttttttttttttttt

(Continued)

FOR.

SIGN PATENT DOCUMENTS

102505641 A 6/2012
103984858 A 8/2014

(Continued)

CN
CN

OTHER PUBLICATTONS

Communication pursuant to Article 94(3) EPC 1ssued by the Euro-
pean Patent Oflice dated Jun. 24, 2019, which corresponds to
European Patent Application No. 16848341.0-1222 and 1s related to
U.S. Appl. No. 15/907,492.

(Continued)

Primary Examiner — Juan C Ochoa

(74) Attorney, Agent, or Firm — Studebaker & Brackett
PC

(57) ABSTRACT

A structural object information search unit (18) acquires
structural object specification information of the target struc-
tural object from the mspection result information, and
searches for structural object information of a reference
structural object stored in a structural object information DB
(50). The structural object information search unit (18)
specifies similar reference structural object similar to the
target structural object. An inspection result similarity deter-
mination unit (24) acquires mspection and/or repair infor-
mation of the similar reference structural object from the
structural object information DB (50), compares the inspec-
tion and/or repair information of the similar reference struc-
tural object with a inspection result of the target structural
object, and specifies mspection result information of the
reference structural object used in generation of a repair

(Continued)

(ST )
|

INPUT INSPECTION RESULT OF TARGET STRUGTURAL OBJECT

~S10

!

AGQUIRE STRUCTURAL CBJEGT SPECIFIGATION INFCRMATION OF
TARGET STRUGTURAL OBJECT

~ S12

!

SEARGH STRUCTURAL OBJECT INFORMATION DB BY USING
STRUCTURAL OBJECT SPECIFICATION INFORMATION

~ 514

v

SPECIFY REFERENGE STRUGTURAL OBJECT SIMILAR 10 TARGET
STRUGTURAL OBJECT

~ 518

!

ACQUIRE INSPECTION AND REPAIR INFORMATICN OF REFERENGE
STRUCTURAL OBJECT

~S18

'

COMPARE INSPECTION AND REPAIR INFCRMATION OF REFERENCE
STRUCTURAL OBJECT WITH INSPECTION RESULT OF TARGET
STRUCTURAL OBJECT

-~ S20

!

GENERATE REPAIR PLAN BASED ON COMPARISON RESULT

~ 822

'

DISPLAY REPAIR PLAN

~ 524

)

RECORD INSPECTION RESULT OF TARGET STRUCTURAL OBJECT N
STRUCTURAL OBJECT INFORMATION DB

~ 5268

(Etn)




US 11,100,258 B2

Page 2
plan. The repair plan generation unmit (20) generates a repair JP 2006-063537 A 3/20006
plan of the target structural object based on the specified IP 2007058496 32007
inspection result information * 2007-140608 A 6/2007
' JP 2007-280282 A 10/2007
WO 2015-029170 Al 3/2015
17 Claims, 8 Drawing Sheets
OTHER PUBLICATIONS
(31) Int. CL International Search Report; 1ssued in PCT/JP2016/057929; dated
G060 50/08 (2012.01) Tun. 7. 2016.
Go6Q 1000 (2012.01) Written Opinion; issued in PCT/JP2016/057929; dated Jun. 7, 2016.
(58) Field of Classification Search An Office Action mailed by the European Patent Office dated Dec.
U S P e e e e e 703/1 24, 2019, which corresponds to European Patent App]ica‘[ion No.
See application file for complete search history. 168480341.0-1222 and is related to U.S. Appl. No. 15/907,492.
An Office Action mailed by the European Patent Office dated Dec.
(56) References Cited 10, 2019, which corresponds to European Patent Application No.

16848341.0-1222 and 1s related to U.S. Appl. No. 15/907,492.
The extended European search report 1ssued by the Furopean Patent
Office dated Jun. 1, 2018, which corresponds to European Patent

U.S. PATENT DOCUMENTS

N .
$227230 Bl J/2015 Quintana .o GOﬁ,?O;?S%g Application No. 16848341.0-1222 and 1s related to U.S. Appl. No.
2015/0250553 Al1* 9/2015 Jaramaz ................... G16B 5/00 [5/907,492.

703/1 An Ofhice Action mailed by China National Intellectual Property
Administration dated Feb. 25, 2021, which corresponds to Chinese

FORFIGN PATENT DOCUMENTS Patent Application No. 201680054228.6 and 1s related to U.S. Appl.
| ! | No. 15/907,492; with English language translation.

CN 104809359 A 7/2015
Jp 2005-115687 A 4/2005 * cited by examiner



80 NOLLYWHOAND
193r40
WeNonELS

111111
111111

ADIAZ0 NOLLUAdSN MN -~

US 11,100,258 B2

w
:
*
:
.

81 7

m Jr—
. 4/ NV Va3 193060 1IN L0aN
- I B wanLonals
= e y %~y  _y
] w OLVNINLELIC OUNIRELE |
z LN A lasiC ALMYIINS LINSTW | | ALRVTINIS Lo3rgo | | LINMHI0ALNOY
. | NOLLO3dSNI O VANLONYIS ,
07 NILSAS LHOddNS DNLLIVHA Nd ¥V 71

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

U.S. Patent
<



US 11,100,258 B2

Sheet 2 of 8

Aug. 24, 2021

U.S. Patent

Ty

S
< —

[

NOLLYWHOANI
INIINE R

NOLLYWHOANI

110544 NOLLOSdSN

(

m

v

[Vddd

)

NOLLYWHOANI
INJANOHIANA

NOLLYWHOINI
1YiHE LV

NOLLYWE0aNI
dlHSNOLLY 136
1YNOLLISOd

NOLLYWHOANI

1VYNOLLISOd

NOLLYIWYOANI NOLLHOd

csm

¢ Ol

1HOd NOLLO3dSNI

411V NOI

I

1VINHOANT 4108

I

NO

NOLLYWHOANI
JIHdVHU040

NOLLVIWHOSNI
JLLSIHALOVHYHO

NOLLYIWHOANI NOISA(

NOLLYWHOANI
NOLLY OO AdS
LJ4PE0 TVdlNLINYLS

(¥) NOLLYWMOANI
103,80 WHNLONYLS

(V)@

NOLLVWHOANI 31N8IH 1LY 103M80 TVaNLONELS



US 11,100,258 B2

Sheet 3 of 8

Aug. 24, 2021

U.S. Patent

e

INO NIHLIM
_FINIGHNO

HTIE0Hd ON | b g0l |

G100
AHYITH8:

0 IN3W3OVTd3Y

Hivd3d ON

diva3d ON

tivddl H414 | INJINCO wlvdad | ONINLL dlvd3y

LINS3Y HIvda3y SROIAZd

| VNG |

- HIvd3Y ON 80100

o Ay
ANV Y ANVANQD £ | mmw%%m SHYHA &8
AWANOO A | g | SvaASI
i 8| v | AWen0oX | gui e | Svaol
ésmm_wa NOLYNATINGIYAWASL | AJOISH [ NOLLOMHISNOD
ool | H3EREN | 3EHIN 1MOLOVMINGD|  AVHdS 10 SHY3IA
HIZIA-LENY | 40 HIBNNN

P10

3

T3S | 2AONOD |
LS NOLLDIASNI SNOIARd

@

Ol

ANVANOD A

ANYIINO

NIYLNNON
W | dmed |
401004 | e

X

0% | AJOLSH ON

(NOLLYWHOAN J1NAMLLY I00Me)
NOLLYWHOANI 3LNEMLLY 103080 WHNLONKLS

Bl

FOHSYAS | voq 13318

LB

a0
X08 Jd

HA0HID
41Yd
A3l

NORDZY | NIONYLS

Folius (

JodE O

J00MHE 8

- JOURE Y

e E
WUNLONALS |

:

3N 103re0 | SR



US 11,100,258 B2

Sheet 4 of 8

Aug. 24, 2021

U.S. Patent

4LV 1d 4001

| 40 INJNA0Y Iddd

LI0¢

a4d0.190

| INTINOD HIVd3H | HIVd3H LYaN

G10¢
mmmggo

NOLLOIASN] X
e

Ol _.%.m%m NOLLYTIVAS
- g4gNdN  (H0LOVHINGD
| ALRHONOY

BB
JEEIR

. ANVAHOD Z | ANOLSH SUYIA 09 ﬁw

Eg,m__.m

zg%mhng
AWHdS | 40 SHYIA
HAZ3A-1UNY | 40 HIEWON

HACHED
11vld
JEEIR

NOIZd mmaozﬁm JAVN LOaMH0

T

mg_«z m@mmm

TVULONYLS

r * w 1 '2dr r°'r'r r r'r r T % 4 3 r'r rr rr r " FT7'4a 4 F F Fr'r FrFrFr r - - 4 rFr'a'r F'F Fr F°F T T F F F'r rr Fr'rr FrJ4 M r a'r r r'r Fr Fr'rFr T T3 FFrr FrF r'rr3'r Jd Ja rFr a3 rFrrT rF r T > J4 - rFr°rr rr r r'r r'r a4 3 Fr'aFr FrF Fr r'r > TAar r r Fr Fr r°°Fr FrT T3 J4 3 F'dJ F'F F F T FTTAIJFF F FP'Fr Fr F T J4 4 F J F P F F F FT T TA 4 F'F F F'F r'r*rAa'r3 r'r FrFr r Fr F'F > rT T4 rFr'r Fr rFr'r rF r % FJ 2 Fr Fr Fr F F F FTTTI14 F'F F'F F T FT F > J J'aF FF F F F - T T FF PP FF FF F'F 4 443 FF F F FF > T~ F'F P Fr F F P F P 7P 4 4 4'F FFP F F'F FT T4 F F F'F FF FF F X 4 a4 4'F F F F'F F'F FT M~ FrrF FrFrT r P Frr 344 3 rFr 3 FrFFr rFTsrT 13-

y O



U.S. Patent Aug. 24, 2021 Sheet 5 of 8 US 11,100,258 B2

1111111111111111111
1111111111111111111



US 11,100,258 B2

Sheet 6 of 8

Aug. 24, 2021

U.S. Patent

LINCY AV 1dSId

LINN NOLLYY3dO |

44 T104.LNOO

1INN NOLLISINDOV

9 1- 11 eprad NOLLYAHONI
m TYNOLLISOC

4 |

o1~ LN TOMINOD | plg ol LINF
VHINYO < NOLLYNIANTTI

LINA ONOVIL

VANV Y NOLLOAdSN

mm, L - (¥4H NVd Nom,

9Ol

01



U.S. Patent Aug. 24, 2021 Sheet 7 of 8 US 11,100,258 B2

P~

Q e~ 7

TH -/
o0




U.S. Patent Aug. 24, 2021 Sheet 8 of 8 US 11,100,258 B2

FIG. 8

INPUT INSPECTION RESULT OFTARGET STRUGTURAL OBJECT 510

ACQUIRE STRUGTURAL OBJECT PECiFECATION INFORMATION OF | _ ¢49
TARGET STRUGTURAL OBJECT

TRUCTURAL OBJECT INFORMATION DB BY U
TURAL OBJECT SPECIFICATION INFORMATION

5 &S

SPECIFY REFERENCE STRUCTURAL OBJECT SIMILAR TO TARGET 1 o6
STRUCTURAL OBJECT

ACQUIRE INSPECTION AND REPAIR INFORMATION OF REFERENCE  |_ o
STRUCTURAL OBJECT '

COMPARE INSPECTION AND REPER INFORMATION OF REFERENCE
STRUCTURAL OBJECT WITH INSPECTION RESULT OF TARGET 520
STRUCTURAL OBJECT

GENERATE REPAIR PLAN BASED ON COMPARISON RESULT ~ 522

DISPLAY REPAIR PLAN

%,
s
™

RECORD INSPECTION RESULT OFARGET STRUCTURAL OBJECT IN
STRUCTURAL OBJECT INFORMATION DB

g
e
-

END



US 11,100,258 B2

1

REPAIR PLAN DRAFTING SUPPORT
SYSTEM, METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/JP2016/057929 filed on Mar. 14,

2016, which claims priority under 35 U.S.C § 119(a) to
Patent Application No. 2015-0187186 filed in Japan on Sep.

24, 2013, all of which are hereby expressly incorporated by
reference into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to repair plan drafting
support system, method, and non-transitory computer read-
able recording medium storing program, and particularly, to
repair plan drafting support system, method, and non-tran-
sitory computer readable recording medium storing program
for supporting repair plan drafting of a structural object such
as a bridge.

2. Description of the Related Art

JP 2007-140608A discloses a structural object repairing
plan support system that drafts a repair service plan of a civil
engineering structural object. In the structural object repair-
ing plan support system, repairing methods are appropnately
selected with consideration for a type of a structural object,
a portion of a structural object, a deterioration factor, a
repairing etlect, a deterioration rate, and necessary cost,
repairing method data which 1s a data set correlated with the
repairing methods 1s stored 1n a repairing method database,
the repairing method database 1s searched by using factor
data, a structural object as a repairing service target or a
target portion, or a repairing eflect as a key, and the repairing
methods are displayed so as to be enumerated (paragraphs

<0028>, <0029>, and <0070>).

SUMMARY OF THE INVENTION

In JP 2007-140608 A, the repairing methods of the target
structural object as the repairing service target are displayed
so as to be enumerated by using the item selected by an
operator as the key, and the repairing methods to be dis-
played so as to be enumerated may be changed depending on
the key selected by the operator. As stated above, 1n JP
2007-140608A, since the repairing methods to be enumer-
ated may be changed by the system depending on the
deternination of the user, 1t 1s dithicult to suggest objective
and high-accurate repairing methods corresponding to a
current situation of the target structural object.

The present invention has been made 1n view of such
circumstances, and an object of the present invention 1s to
provide repair plan drafting support system, method, and
non-transitory computer readable recording medium storing
program capable of supporting the drafting of an objective
and high-accurate repair plan by easy means in considering
the repairing of a target structural object.

In order to solve the above-described problem, a repair
plan drafting support system according to a first aspect of the
present invention comprises recording unit that records past
inspection results and past repair results of reference struc-
tural objects, input unit that recerving an mput of an 1mspec-
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tion result of a target structural object which 1s a drafting
target of the repair plan, generation unit that compares the
past mspection results and the past repair results of the
reference structural objects with the 1inspection result of the
target structural object, and generating a repair plan of the
target structural object, and output unit that outputs the
repair plan generated by the generation means.

According to the present aspect, the inspection result
information items of the reference structural objects are
compared based on the nspection result information of the
target structural object, and thus, it 1s possible to drait an
objective and high-accurate repair plan by easy means.
Thus, it 1s possible to more eflectively support the drafting
of the repair plan.

According to a repair plan drafting support system
according to a second aspect of the present invention, in the
first aspect, the generation means extracts the past inspection
result and the past repair result of the reference structural
object which 1s similar to the mnspection result of the target
structural object, and generates the repair plan based on the
extracted ispection result and repair result.

According to a repair plan drafting support system
according to a third aspect of the present invention, in the
first aspect, the recording means records attribute informa-
tion including at least one of utilization information, envi-
ronment information, or structure information of the refer-
ence structural object together with the ispection result and
the repair result of the reference structural object, the input
means receives an input of attribute information of the target
structural object 1n a case where the ispection result 1s
input, and the generation means determines a similarity
between the target structural object and the reference struc-
tural object by comparing the attribute information items of
the reference structural object and the target structural
object, extracts the past ispection result similar to the
ispection result of the target structural object among the
past mspection results and the past repair results of the
reference structural objects, and generates the repair plan
based on the extracted inspection result and the repair result
corresponding to the inspection result.

According to a repair plan drafting support system
according to a fourth aspect of the present invention, in the
first aspect, the recording means records attribute 1nforma-
tion including at least one of utilization information, envi-
ronment information, or structural mmformation for every
ispection target portion of the reference structural object
together with the mspection result and the repair result of the
reference structural object, the input means receives an input
of attribute information for every ispection target portion of
the target structural object 1n a case where the inspection
result 1s input, and the generation means determines a
similarity between the inspection target portions of the
reference structural object and the target structural object by
comparing the attribute information items of the mspection
target portions of the reference structural object and the
target structural object, extracts the past inspection result
similar to the inspection result of the inspection target
portion of the target structural object among the past inspec-
tion results and the past repair results of the inspection target
portions of the reference structural objects, and generates the
repair plan based on the extracted inspection result and the
repair result corresponding to the inspection result.

According to a repair plan drafting support system
according to a fifth aspect of the present invention, 1n the
third or fourth aspect, the generation means generates multi-
dimensional parameters by digitizing the attribute informa-
tion 1tems of the reference structural object and the target
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structural object, and determines that the shorter a Euclid
distance between the multi-dimensional parameters, the
higher the stmilarity between the target structural object and
the reference structural object.

According to a repair plan drafting support system
according to a sixth aspect of the present invention, in the
third to fifth aspects, the generation means generates multi-
dimensional parameters by digitizing the past mspection
result of the reference structural object and the inspection
result of the target structural object, and determines that the
shorter a Euclid distance between the multi-dimensional
parameters, the higher a similarity between the inspection
results.

According to a repair plan drafting support system
according to a seventh aspect of the present invention, in the
first to sixth aspects, the generation means acquires a degree
of damage of the target structural object changing with time
for a predetermined past period among the past mspection
results and the past repair results of the reference structural
objects at multiple past points of time, predicts a progression
of the damage based on the mspection result of the damage,
and generates the repair plan based on the prediction result
of the progression of the damage.

According to a repair plan drafting support system
according to an eighth aspect of the present mnvention, 1n the
seventh aspect, the generation means gives a high repair
priority to a portion 1n which 1t 1s predicted that the pro-
gression of the damage 1s to be rapid.

According to a repair plan drafting support system
according to a ninth aspect of the present invention, 1 the
seventh or eighth aspect, the repair plan drafting support
system further comprises preferential inspection portion
information acquisition unit that acquires preierential
ispection portion information indicating a preiferential
ispection portion of the target structural object to which a
high repair priority 1s given. The generation means estimates
a progression direction and a progression rate of the damage
based on the prediction result of the progression of the
damage, and generates the repair plan based on a relation-
ship between the estimation result of the progression direc-
tion and the progression rate of the damage and the prefer-
ential mspection portion.

According to a repair plan drafting support system
according to a tenth aspect of the present invention, in the
ninth aspect, the repair plan drafting support system further
comprises preferential mspection portion specification unit
that generates the preferential ispection portion informa-
tion by specifying the preferential inspection portion of the
ispection target portions of the target structural object
based on at least one information of information regarding,
importance of the inspection target portion in terms of
structure, design information of the inspection target por-
tion, or environment information in which the inspection
target portion 1s positioned.

According to a repair plan drafting support system
according to an eleventh aspect of the present invention, 1n
the first to tenth aspects, the repair plan drafting support
system further comprises plan mput unit that receives an
iput of at least one plan of an mspection plan or a repair
plan of the target structural object. The generation means
generates the repair plan based on the plan received by the
plan mput means.

According to a repair plan drafting support system
according to a twelfth aspect of the present invention, in the
cleventh aspect, the plan input means recerves an iput of a
predetermined 1inspection timing of the target structural
object, and the generation means matches an mspection or
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4

repair timing of the target structural object with the 1nspec-
tion timing based on the repair plan.

According to a reparr plan drafting support system
according to a thirteenth aspect of the present invention, 1n
the twellth aspect, the output means outputs a cost estimate
and an eflect to be predicted for every generated repair plan
in a comparable format.

A repair plan drafting support method according to a
fourteenth aspect of the present invention comprises record-
ing past inspection results and past repair results of reference
structural objects, recerving an input of an 1nspection result
of a target structural object which 1s a drafting target of the
repair plan, and comparing the past ispection results and
the past repair results of the reference structural objects with
the inspection result of the target structural object and
generating a repair plan of the target structural object, and
outputting the generated repair plan.

A non-transitory computer readable recording medium
storing repair plan drafting support program according to a
fifteenth aspect of the present invention causes a computer
to realize a recording function of recording past inspection
results and past repair results of reference structural objects,
an mput function of recerving an input of an inspection result
of a target structural object which 1s a drafting target of the
repair plan, a generation function ol comparing the past
inspection results and the past repair results of the reference
structural objects with the inspection result of the target
structural object and generating a repair plan of the target
structural object, and an output function of outputting the
repair plan generated through the generation function.

According to the present invention, the mspection result
information items of the reference structural objects are
compared based on the mspection result information of the
target structural object, and thus, it 1s possible to draft an
objective and high-accurate repair plan by easy means.
Thus, 1t 1s possible to more eflectively support the drafting
of the repair plan.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a block diagram showing a configuration of a
repair plan drafting support system according to an embodi-
ment of the present invention.

FIG. 2 1s a diagram showing a data configuration of
structural object information of a reference structural object.

FIG. 3 15 a table showing a specific example of structural
object information in a case where the reference structural
object 1s a bridge.

FIG. 4 1s a diagram showing an output example of a repair
plan.

FIG. 5 1s a diagram for describing a similarity determi-
nation method of the structural object information.

FIG. 6 1s a block diagram showing a configuration of an
inspection device according to the embodiment of the pres-
ent 1nvention.

FIG. 7 1s a perspective view showing an example of
attachment and operation methods of an inspection camera
in a case where the target structural object 1s the bridge.

FIG. 8 1s a flowchart showing a process of a repair plan
drafting support method according to the embodiment of the
present 1nvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremaftter, repair plan drafting support system, method,
and program according to a preferred embodiment of the
present mvention will be described with reference to the
accompanying drawings.
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|Configuration of Repair Plan Drafting Support System]

FIG. 1 1s a block diagram showing a configuration of a
repair plan drafting support system according to an embodi-
ment of the present invention.

A repair plan drafting support system 10 according to the
present embodiment includes a control unit 12, an mnput unit
14, a communication nterface (I’F) 16, a structural object
information search unit 18, a repair plan generation unit 20,
a structural object similarity determination unit 22, an
ispection result similarity determination unit 24, and a
display unit 26.

The control unit 12 includes a central processing unit
(CPU) for controlling operations of the units of the repair
plan drafting support system 10, a read only memory (ROM)
that stores a control program, and a synchronous dynamic
random access memory (SDRAM) capable of being used as
a work area of the CPU. The control unit 12 receives an
operation input of an operator through an mput unmt 14,
transmits a control signal corresponding to the operation
input to the unit of the repair plan drafting support system 10
through a bus, and controls the operation of the unit.

The repair plan drafting support system 10 includes the
communication interface (I’F) 16 (input means), and 1s able
to communicate with an mspection device 100 through the
I/F 16. Wired communication (for example, connection
using a umiversal serial bus (USB)) cable, a local area
network (LAN), a wide area network (WAN), or Internet
connection) or wireless communication (for example, LAN,
WAN, Internet connection, Bluetooth (registered trade-
mark), or inifrared communication) may be used as a com-
munication method between the repair plan drafting support
system 10 and the mspection device 100.

According to an operation 1put of the mput unit 14, the
control umit 12 starts communication with the ispection
device 100, and acquires 1mspection result information of a
target structural object from the inspection device 100. An
input method of the inspection result information i1s not
limited to be performed through the communication. For
example, the inspection result information of the target
structural object may be mput to the repair plan drafting
support system 10 from the mnspection device 100 through a
recording medium (for example, USB memory or SD card
(registered trademark).

The structural object information search unit 18 may
communicate with a structural object information database
(structural object mformation DB) 50 through a network
NW. Wired communication (for example, LAN, WAN, or
Internet connection) or wireless communication (for
example, LAN, WAN, Internet connection, Bluetooth (reg-
istered trademark), or infrared communication) may be used
as a communication method between the structural object
information search unit 18 and the structural object infor-
mation DB 50.

The structural object information DB 30 1s recording unit
that stores structural object imnformation items (including
information (structural object specification information) for
specifying the structural object and past mspection and/or
repair information) of the target structural object and a
plurality of structural objects (hereinafter, the target struc-
tural object and the plurality of structural objects other than
the target structural object are collectively referred to as a
reference structural object) other than the target structural
object.

The structural object information search unit 18 searches
for the structural object information within the structural
object information DB 30, and acquires inspection and/or
repair information of the reference structural object similar
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6

to the 1nspection result information of the target structural
object acquired from the inspection device 100.

In the present embodiment, the structural object informa-
tion DB 50 1s provided separately from the repair plan
drafting support system 10, and information 1items of inspec-
tion results from a plurality of repair plan draiting support
systems 10 capable of commumicating with the structural
object information DB 50 are able to be input. The structural
object information DB 50 may be included 1n the repair plan
drafting support system 10.

The structural object similarity determination unit 22
(generation means) compares structural object attribute
information included in the structural object information
regarding the reference structural object within the structural
object information DB 350, which 1s acquired by the struc-
tural object information search unit 18, with structural object
attribute information of the target structural object, specifies
the reference structural object similar to the target structural
object, and extracts the structural object information of the
specified reference structural object.

The inspection result similarity determination unit 24
(generation means) acquires mspection and/or repair infor-
mation (including inspection result mformation and repair
result information) of each inspection target portion (1nspec-
tion portion) of the reference structural object from the
structural object information of the reference structural
object specified by the structural object similarity determi-
nation unit 22, compares the acquired inspection and/or
repair information 1tems with the inspection result informa-
tion of the target structural object, and extracts inspection
result information on the mspection portion of the reference
structural object similar to the imspection result information
of the target structural object and repair result information
corresponding to the mspection result information.

The repair plan generation unit 20 (generation means)
generates a repair plan of the target structural object based
on the mspection result information items and the repair
result information 1tems (at multiple points of time) of the
reference structural object acquired by the structural object
information search unit 18 and the inspection result infor-
mation of the target structural object, and outputs the gen-
crated repair plan to the display unit 26.

The display unit 26 (output means) 1s means (for example,
liquad crystal display) for displaying an image (for example,
photographs indicating an nspection result and a repair
result, and a change of the inspection portion with time) or
an operation graphical user interface (GUI) of the repair plan
drafting support system 10, and displays the repair plan
generated by the repair plan generation umt 20.

As the output means of the repair plan, print mans for
printing the repair plan 1n a predetermined format may be
provided istead of the display unit 26 or 1n addition to the
display unit 26.

FIG. 2 1s a diagram showing a data configuration of the
structural object mmformation of the reference structural
object, and FIG. 3 1s a table showing a specific example of
the structural object information in a case where the refer-
ence structural object 1s a bridge. FIG. 4 1s a diagram
showing an output example of the repair plan.

In the example shown 1n FIG. 2, structural object infor-
mation D(A) of a reference structural object A includes
structural object specification information and structural
object attribute information of the reference structural object

A, and mspection and/or repair information items (portion
information 1tems D(A1), . . ., and D(An)) of inspection
portions of the reference structural object A.
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The structural object specification information 1s infor-
mation for specitying the reference structural object A. In
the example shown in FIG. 3, the structural object specifi-
cation information includes an identification (ID) number
which 1s uniquely assigned to reference structural object in
the structural object information DB 50 and a structural
object name (bridge name).

The structural object attribute information includes a
structural object of the reference structural object A, struc-
ture information regarding a design, design information,
characteristic information, and geographic information. For
example, the structure information i1s information (rigid-
frame bridge, suspension bridge, cable-stayed bridge, arch
bridge, or movable bridge (drawbridge)) regarding a basic
structure of the structural object, a material (steel, concrete,
mortar, brick, or stone, or combinations thereot), informa-
tion 1tems (a material and/or a shape (a steel plate girder, a
steel box girder, or a prestressed concrete (PC) box girder,
or a material and/or a shape of a bridge pier) of a bridge
girder) regarding the structures of the portions of the struc-
tural object, design information, purpose of use (for
example, for vehicles (the number of lanes), for person or
motorcycles, or aqueduct). For example, the characteristic
information 1s a time elapsing after completion or opening,
a time elapsing after inspection and/or repair, a contractor,
an inspection and/or repair company. For example, the
geographic information 1s positional information (global
positioning system (GPS) information), local mmformation
(distance from forest, river, lake and/or sea, seashore, plain,
foot of mountain, and strength of ground), climate informa-
tion (the frequency of rain or snow, the (annual, seasonal,
maximum, and average) amount of rainfall or snowtall, the
occurrence frequency ol lightning strikes and gusts, the
(annual, seasonal, maximum, and average) damage situation
caused by lightning strikes and/or gusts, or the occurrence
frequency of typhoon), or utilization information of the
occurrence Ifrequency of earthquake, maximum seismic
intensity, average seismic 1ntensity, or tratlic volume. In the
example shown 1 FIG. 3, the structural object attribute
information (bridge attribute information) includes informa-
tion as structure information regarding the material and/or
structure of the bridge girder, information as the attribute
information regarding the number of years of construction,
or anfi-freezer spray history and contractor for concrete
parts, and information as the geographic information regard-
ing a region 1 which the bridge 1s constructed.

The inspection and/or repair information i1tems (portion
information 1tems D(A1), . . ., and D(An)) mclude posi-
tional 1nformation, positional relationship 1nformation,
material mnformation, environment information, nspection
result information, and repair result information. The posi-
tional information 1s information (for example, coordinate
information or GPS information) for specifying positions of
the inspection portions Al, . . . , and An in the reference
structural object A. For example, the positional relationship
information 1s a distance from another bridge girder and
bridge pier or positional information (distance) with a join-
ing portion and/or damaged portion. The material informa-
tion 1s information mdicating a material of the mspection
portion. The environment information 1s mformation indi-
cating the environment of the inspection portion, and 1s, for
example, information such as direction and/or orientation or
whether the inspection portion faces the sea or does not face
the sea.

The mspection result information 1s mformation ndicat-
ing the past mspection result of the mspection portion, and
1s, for example, an ispection date and time, whether or not

10

15

20

25

30

35

40

45

50

55

60

65

8

the ispection portion 1s damaged, the type of damage, the
degree of damage (the size (length and width) of a crack, the
orientation of the crack, a change in crack with time, or the
spray history of the anti-freezer).

The repair result information 1s information regarding the
past repair result of the mspection portion, and 1s stored in
association with the inspection result information for every
stage. For example, the repair result information includes a
repair date and time, the content of the repair, and the result
of follow-up observation after the repair.

In the example shown 1 FIG. 3, the inspection result
information (the previous-stage inspection result) includes
information indicating the inspection date and time of the
inspection portion or an evaluation value (concrete member
evaluation or steel member evaluation (for example, A
(minor deterioration), B (degraded), or C (serious deterio-
ration)) for every member, and the repair result information
(previous-stage repair result) mcludes information indicat-
ing an observation result for a predetermined period after the
repair, the repair content, or a repair conduction timing of the
inspection portion.

The structural object similarity determination unit 22
compares the structural object attribute information included
in the structural object information regarding the reference
structural object within the structural object information DB
50, which 1s acquired by the structural object information
search unit 18, and determines that the reference structural
object of which the number of matching information items
1s largest or the reference structural object of which the
number of matching information 1tems 1s equal to or greater
than a predetermined percentage 1s similar to the target
structural object. The structural object information of the
similar reference structural object 1s extracted from the
structural object information DB 350. In a case where the
similar reference structural object 1s not found, the number
ol structural object attribute information 1tems as compari-
son targets may decrease, and then, the similarity of the
reference structural object may be determined again.

The inspection result similarity determination unit 24
acquires the inspection and/or repair iformation of each
inspection portion of the reference structural object from the
structural object mmformation of the reference structural
object specified by the structural object similarity determi-
nation unit 22, and acquires multi-dimensional parameters
by digitizing the mspection result information items of the
target structural object and the reference structural object for
every 1mformation item.

In the example shown in FIGS. 3 and 4, 1n a case where
multi-dimensional parameters are generated by using A
evaluation=4 points, B evaluation=3 points, and C evalua-
tion=2 points in the concrete member evaluation, the multi-
dimensional parameters of A Bridge which 1s the reference
structural object and P Bridge which is the target structural
object are as follows.

Pa(1) (1: A Bridge)=(concrete member evaluation,
member evaluation)=(4, 3)

Pa(2) (2: B Bnidge)=(concrete member evaluation,
member evaluation)=(4, 2)

Pa(3) (3: C Bnidge)=(concrete member evaluation,
member evaluation)=(3, 4)

Pa(4) (4: D Brnidge)=(concrete member evaluation,
member evaluation=(3, 2)

steel
steel
steel

steel

Pa(P) (P: P Bridge)=(concrete member evaluation, steel
member evaluation)=(3, 2)
For example, mn a case where the multi-dimensional

parameters are calculated, a coeflicient (for example, the
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larger the coetlicient, the longer the time elapsing atfter the
inspection 1s conducted) corresponding to a time elapsing
alter the inspection 1s conducted may be multiplied.

Subsequently, the 1nspection result similarity determina-
tion unit 24 calculates a Fuclid distance L from the multi-
dimensional parameters of the reference structural object
and the target structural object. As shown 1n FIG. 5, the
multi-dimensional parameter 1s defined as the Euclid dis-
tance L 1n a case where mspection result information 1tems
F(1), F(2), . . ., and F(1) are digitized and the digitized
information 1tems are plotted 1n a multi-dimensional space.

In the above-described example, since L(P-4)={(3-3)"+
(2-2)°}*=0 and a Euclid distance L(P-4) between D
Bridge and P Bridge 1s minimized (shortest), D bridge
having an ID of 4 1s specified as the reference structural
object to which the mspection result information 1s similar.
FIG. 5 illustrates that Pa(4) and Pa(P) are separated from
cach other for simplicity of illustration.

The inspection result similarity determination umt 24
extracts the inspection result mnformation item of each
inspection portion of the reference structural object similar
to the mspection result information of the target structural
object and the repair result information corresponding to the
inspection result information. The repair plan generation
unit 20 generates the repair plan based on the extracted
repair result mnformation, and outputs the generated repair
plan to the display umit 26. Accordingly, the repair plan
shown 1n FIG. 4 1s displayed on the display umit 26. In the
example shown i FIG. 4, a message of “replacement of
floor plate” 1s displayed as the repair content of P Bridge,
similarly to D Bridge which 1s the reference structural
object. “October 2017 which 1s one year after the previous-
stage mspection performed 1n the same timing as that of D
Bridge which 1s the reference structural object 1s displayed
as a timing when the next repair of P Bridge 1s to be
performed.

A display method of the repair plan 1s not limited to FIG.
4. For example, a plurality of repair contents and repair
timings may be displayed while being assigned values or
ranks indicating recommendation ratings. Alternatively,
information (information regarding an eflect to be predicted
in a case where the repair 1s performed) indicating an
observation result for a predetermined period after the same
repair 1s performed 1n the reference structural object may be
displayed side by side together with the plurality of repair
contents so as to be comparable. Cost information imncluding
a cost estimate or cost required to repair the reference
structural object may be stored in the structural object
information DB 50, and the cost information may be dis-
played together with the display of the plurality of repair
contents 1n a comparable format (for example, side by side).

The determination of the similarity between the target
structural object and the reference structural object 1s not
limited thereto. Similarly to the comparison of the inspec-
tion result information items, the multi-dimensional param-
cters may be generated by digitizing the structural object
attribute information items, and may be compared with the
Euclid distance between the multi-dimensional parameters.

|Configuration of Inspection Device]

Next, an example of the ispection device 100 will be
described with reference to FIGS. 6 and 7. FIG. 6 1s a block
diagram showing a configuration of the mspection device
according to the embodiment of the present invention.

The inspection device 100 according to the present
embodiment includes an inspection camera 102, and a
controller 150. The mspection camera 102 includes a camera
control unit 104, an 1maging unit 106, an illumination unit
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108, an LRF 110, a positional information acquisition unit
112, a recording umit 114, and a communication interface

(I/F) 116.

The camera control unit 104 includes a CPU that controls
the operations of the units of the inspection camera 102, a
ROM that stores a control program, and an SDRAM that 1s
able to be used as a work area of the CPU. The camera
control unit 104 receives an operation unit of the operator
through the controller 150, transmits the control signal
corresponding to the operation input to the units of the
mspection camera 102 through a bus, and controls the
operations of the units.

The controller 150 1ncludes an operation unit 152 and a
display unit 154. A tablet terminal that includes the display
umt 154 (for example, liquid crystal display) for displaying
an 1mage captured by the mspection camera 102 and a GUI
for operation and the operation umt 152 as a touch panel
formed on a front surface of the display unit 154 may be
used as the controller 150.

The communication interface (I/F) 116 1s means for
communicating with the controller 150. Wired communica-
tion (for example, connection using a USB cable, LAN,
WAN, or Internet connection) or wireless communication
(for example, LAN, WAN, Internet connection, Bluetooth
(registered trademark), or infrared communication) may be

used as a communication method between the inspection
camera 102 and the controller 150.

The 1maging unit 106 1s means for imaging a subject (the
ispection portion of the target structural object), and
includes, for example, a zoom lens, a focus lens, a stop, and
an 1maging eclement. An image (still 1mage or a motion
picture) captured by the imaging unit 106 1s transmitted to
the controller 150 through the I'F 116, and is displayed on
the display unit 154. The 1mage i1s recorded 1n the recording
umt 114 (for example, a USB memory or a SD card)
according to an operation mput from the operation unit 152.
The recording unit 114 may be provided at the controller
150, or may be provided at both the mspection camera 102
and the controller 150.

The i1llumination unit 108 1s means for i1lluminating the
subject, and includes, for example, light emitting diode
(LED).

The laser range finder (LRF) 110 includes a laser diode,
and 1s a device that performs distance measurement from by
a traveling time from when the subject 1s wrradiated with a
laser beam to when reflection light 1s reflected or projects a
laser aiming point onto the subject. The operator moves a
pan head 118 through the operation unit 152 by a motor M
while checking the position or posture of the inspection
camera 102 for the subject by checking the laser aiming
point projected onto the subject on the display unit 154 of
the controller 150. Thus, the operation can control the
posture of the inspection camera 102.

The positional mformation acquisition unit 112 acquires
the positional information (for example, GPS information)
of the 1nspection portion. The positional information of the
inspection portion may be acquired by providing an IC chip
in which the positional information 1s stored 1n each 1nspec-
tion portion of the target structural object and performing
communication between the inspection camera 102 and the
IC chip.

FIG. 7 1s a perspective view showing an example of
attachment and operation methods of the mspection camera
in a case where the target structural object 1s the bridge.

As shown m FIG. 7, an mspection camera attachment
member 200 includes a pole 202, a camera installation
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portion 202A, a pole base portion 204, a rail 206, and
attachment members 208-1 and 208-2.

The attachment members 208-1 and 208-2 are members
for fixing the rail 206 to the target structural object, and are
fixed to bridge piers BB1 and BB2, respectively. The num-
ber or kind of attachment members 208-1 and 208-2 may be
changed depending on the mspection portions of the target
structural object, an interval between the bridge piers, and
the number of bridge piers. Wheels capable of being driven
by a motor are attached to the attachment members 208-1
and 208-2, and thus, the attachment members are movable
along the bridge piers BB1 and BB2 according to an
instruction input from the controller 150.

The pole 202 may expand and contract in a vertical
direction (V direction) 1n a manual manner or by being
driven by a motor. The camera 1nstallation portion 202A for
attaching the pan head 118 of the inspection camera 102 1s
formed at an upper end portion of the pole 202 in the
diagram.

The pole base portion 204 1s formed at a lower end portion
of the pole 202, and the pole base portion 204 1s attached to
the rail 206. For example, the pole base portion 204 1s
movable 1n a horizontal direction (H direction) along the rail
206 through a ball screw.

The method of performing the mspection by attaching the
inspection camera 102 to a part of the structural object such
as the bridge girder or the bridge pier 1s not limited to the
example of FIG. 7. The shape of the rail and the number or
shapes of attachment members are determined depending on
the arrangement and shape of bridge piers. A suspension
type 1n which the inspection camera 102 i1s hung by the
bridge girder through the pole or a high place installation
type 1n which the inspection camera 102 1s mstalled in a high
place may be used.

The 1nspection camera 102 may be mounted on an
unmanned aerial vehicle (for example, multicopter or
drone), and the target structural object may be captured. In
a case where the unmanned aerial vehicle 1s used, the
positional information of the inspection portion may be
acquired by providing the IC chip in which the positional
information 1s stored 1n each inspection portion of the target
structural object and performing the communication
between the mspection camera 102 and the IC chip, or the
GPS information may be used.

[Repair Plan Drafting Support Process]

FIG. 8 1s a flowchart showing a process of a repair plan
drafting support method according to the embodiment of the
present mvention.

Initially, the repair plan drafting support system 10
receives an input of the inspection result information of the
target structural object from the inspection device 100
through the I'F 16 (step S10). The structural object infor-
mation search unit 18 acquires the structural object speci-
fication 1information of the target structural object from the
inspection result information (step S12), and searches for the
structural object nformation of the reference structural
object stored in the structural object information DB 50
based on the structural object specification information (step
S14). The structural object information search unit 18 speci-
fies the similar reference structural object having the struc-
tural object information (structural object attribute informa-
tion) similar to the target structural object (step S16).

The inspection result similarity determination umt 24
acquires the ispection and/or repair information of the
similar reference structural object from the structural object
information DB 30 (step S18), compares the inspection
and/or repair information of the similar reference structural
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object with the inspection result of the target structural
object, and specifies the inspection result information of the
reference structural object used 1n the generation of the
repair plan (step S20).

The repair plan generation unit 20 generates the repair
plan of the target structural object based on the inspection
result information specified 1 step S20 (step S22). Specifi-
cally, the repair plan generation unit 20 acquires the mspec-
tion result information specified 1n step S20 and the repair
result mformation corresponding to the inspection result
information, and outputs the repair content (repair content
indicating that “no problem” after the repair in FIG. 3)
indicating that the result after the repair 1s favorable, as the
repair plan. The repair plan generation unit 20 calculates a
timing (scheduled repair date and time) when the repair
corresponding to the repair content 1s to be conducted based
on the mspection result information specified in step S20
and a time interval of the inspection and repair date and time
of the repair result information corresponding to the 1nspec-
tion result information, and outputs the calculated timing.
The scheduled repair date and time may be adjusted based
on the structural object attribute information. For example,
in a case where the number of years of the construction of
a target building 1s longer than that of the reference struc-
tural object, 1n a case where the number of times of the
anti-freezer spray 1s large in the anti-freezer spray history, in
a case where the local information 1s the “seashore”, or 1n a
case where there 1s an element that may increase a degra-
dation rate, the scheduled repair date and time may advance.

A progression rate of the damage may be estimated
(predicted) while referring to positional relationship infor-
mation indicating a positional relationship between the
ispection portion and an mmportant portion (a portion
having high importance or a portion of which an importance
indicator 1s equal to or greater than a threshold value) 1n
terms ol a structure i1n the target structural object or a
damaged portion, or a portion damaged in the past or a
portion on which the repair 1s conducted, and the repair
content or the scheduled repair date and time may be
adjusted based on the prediction result. For example, 1n a
case where the damage of the target structural object 1s the
crack and the orientation of the crack 1s towards the joining
portion 1n which the bridge girder or the bridge pier 1s joined
by a bolt or through welding, the repair plan generation unit
20 (preferential mspection portion information acquisition
means or preferential 1nspection portion specification
means) gives a high repair priority to the damaged portion,
and thus, the scheduled repair date and time may advance
such that the damaged portion becomes the preferential
inspection portion. The preferential inspection portion infor-
mation indicating the position and priority (importance) of
the preferential inspection portion may be previously stored
in the structural object information DB 50, and may be
acquired by the repair plan generation unit 20 (preferential
inspection portion information acquisition means) from the
structural object mnformation DB 50.

The mspection plan and the repair plan (for example, legal
inspection related to the target structural object) previously
planned for the target structural object may be recerved
through the I'F 16 (plan input means), and the repair plan
may be generated so as to match the scheduled timing of the
ispection plan and the repair plan.

Subsequently, the repair plan generation unit 20 outputs
the repair plan generated 1n step S22 to the display unit 26
(step S24).

The mspection result information of the target structural
object 1s recorded in the structural object information DB 50
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according to an instruction from the repair plan drafting
support system 10 (step S26). The nspection result infor-
mation of the target structural object may be recorded 1n the
structural object information DB 50 after the repairing 1s
performed based on the repair plan generated 1n step S22.

According to the present embodiment, the inspection
result information 1tems of the reference structural object are
compared based on the mspection result information of the
target structural object, and thus, it 1s possible to draft an
objective and high-accurate repair plan by easy means.
Thus, it 1s possible to more eflectively support the drafting
of the repair plan.

The present invention may be realized as a repair plan
drafting support program causing a computer to realize the
process or a non-transitory recording medium or a program
product storing the program thereon.

EXPLANAITION OF REFERENC.

L1
)

10:
12:
14:
16:
18:
20:
22:
24:

repair plan drafting support system

control unit

input unit

communication interface

structural object information search unit
repair plan generation unit

structural object similarity determination unit
ispection result similarity determination unit

26: display unit

50: structural object information DB

100: inspection device

What 1s claimed 1s:

1. A repair plan drafting support system that supports

drafting of a repair plan, the system comprising:

a recording unit that records past 1mspection results and
past repair results of reference structural objects;

an 1put unit that receives an mput of an mnspection result
of a target structural object which 1s a drafting target of
the repair plan;

a generation unit that compares the past inspection results
and the past repair results of the reference structural
objects with the inspection result of the target structural
object, and generating a repair plan of the target struc-
tural object; and

an output unit that outputs the repair plan generated by the
generation unit,

wherein each of the past ispection results of the refer-
ence structural objects includes multi-dimensional
parameters indicating evaluation values of a plurality of
members ol the reference structural objects, and the
inspection result of the target structural object includes
multi-dimensional parameters indicating evaluation
values of a plurality of the members of the target
structural object, and

wherein the generation unit extracts a past inspection
result and a past repair result of a reference structural
object among the reference structural objects which 1s
similar to the mspection result of the target structural
object based on the multi-dimensional parameters of
the reference structural objects and the mspection result
of the target structural object, and generates the repair
plan based on the extracted past mspection result and
the extracted past repair result.

2. The repair plan drafting support system according to

claim 1,

wherein the recording unit records attribute immformation
including at least one of utilization information, envi-
ronment information, or structure information of the
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reference structural objects together with the past
inspection results and the past repair results of the
reference structural objects,
the input unit recerves an input of attribute information of
the target structural object 1n a case where the mnspec-
tion result 1s input, and
the generation umt determines a similarity between the
target structural object and the reference structural
objects by comparing the attribute information of the
reference structural objects and the target structural
object, extracts the past inspection result similar to the
ispection result of the target structural object among
the past inspection results and the past repair results of
the reference structural objects, and generates the repair
plan based on the extracted past inspection result and
the extracted past repair result corresponding to the
ispection result.
3. The repair plan drafting support system according to
claim 1,
wherein the recording unit records attribute information
including at least one of utilization information, envi-
ronment information, or structural information for each
of inspection portions of the reference structural objects
together with the past mspection result and the past
repair result of the reference structural objects,
the input unit receives an input of attribute information for
cach of the inspection portions of the target structural
object 1n a case where the mspection result 1s mnput, and
the generation unit determines a similarity between each
of the mspection portions of the reference structural
objects and the target structural object by comparing
the attribute information of each of the inspection
portions of the reference structural objects and the
target structural object, extracts the past inspection
result similar to the mspection result of the inspection
portion of the target structural object among the past
ispection results and the past repair results of each of
the 1nspection portions of the reference structural
objects, and generates the repair plan based on the
extracted past inspection result and the extracted past
repair result corresponding to the inspection result.
4. The repair plan drafting support system according to
claim 2,
wherein the generation unit generates multi-dimensional
parameters by digitizing the attribute information of the
reference structural object and the target structural
object, and determines that a shorter a Euclid distance
between the multi-dimensional parameters, the higher
the similarity between the target structural object and
the reference structural object.
5. The repair plan drafting support system according to
claim 3,
wherein the generation unit generates multi-dimensional
parameters by digitizing the attribute information of the
reference structural object and the target structural
object, and determines that a shorter a Euclid distance
between the multi-dimensional parameters, a higher the
similarity between the target structural object and the
reference structural object.
6. The repair plan drafting support system according to
claim 2,
wherein the generation unit generates multi-dimensional
parameters by digitizing the past inspection result of
the reference structural object and the 1nspection result
of the target structural object, and determines that a
shorter a Fuclid distance between the multi-dimen-
sional parameters, a higher a similarity between the
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past inspection result of the reference structural object

and the inspection result of the target structural object.

7. The repair plan drafting support system according to
claim 3,

wherein the generation unit generates multi-dimensional

parameters by digitizing the past inspection result of

the reference structural object and the mnspection result
of the target structural object, and determines that a
shorter a Fuclid distance between the multi-dimen-
sional parameters, a higher a similarity between the
past inspection result of the reference structural object
and the 1nspection result of the target structural object.
8. The repair plan drafting support system according to
claim 1,

wherein the generation unit acquires a degree of damage
of the target structural object changing with time for a
predetermined past period among the past mmspection
results and the past repair results of the reference
structural objects at multiple past points of time, pre-
dicts a progression ol a damage based on an 1nspection
result of the damage, and generates the repair plan
based on a prediction result of the progression of the
damage.

9. The repair plan drafting support system according to

claim 8, further comprising:

a preferential inspection portion information acquisition
umt that acquires preferential inspection portion infor-
mation 1ndicating a preferential mspection portion of
the target structural object to which a high repair
priority 1s given,

wherein the generation unit estimates a progression direc-
tion and a progression rate of the damage based on the
prediction result of the progression of the damage, and
generates the repair plan based on a relationship
between an estimation result of a progression direction
and a progression rate ol the damage and the prefer-
ential mspection portion.

10. The repair plan drafting support system according to

claim 9, further comprising:

a preferential mmspection portion specification unit that
generates the preferential inspection portion informa-
tion by specitying a preferential inspection portion of
ispection target portions of the target structural object
based on at least one information of information
regarding 1mportance ol each of the mspection target
portions 1n terms of structure, design information of
cach of the mspection target portions, or environment
information 1 which each of the inspection target
portions 1s positioned among inspection target portions
of the target structural object.

11. The repair plan drafting support system according to

claim 1, further comprising:

a plan mput unit that receives an input of at least one plan
of an ispection plan or a repair plan of the target
structural object,

wherein the generation unit generates the repair plan
based on the plan received by the plan mput unat.

12. The repair plan drafting support system according to

claim 11,

wherein the plan mput unit receives an iput of an
ispection timing determined for the target structural
object, and

the generation unit matches an inspection or repair timing
of the target structural object with the inspection timing
based on the repair plan.
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13. The repair plan drafting support system according to
claim 12,
wherein the output unit outputs a cost estimate and an
cllect to be predicted for every generated repair plan 1n
a comparable format.
14. The repair plan drafting support system according to
claim 1, wherein
the recording umt further records attribute information
including at least one of utilization information, envi-
ronment information, or structure information of the
reference structural objects, the past imnspection results
and the past repair results of the reference structural
objects;
the generation umt extracts first reference structural
objects having attribute information similar to attribute
information of the target structural object among the
reference structural objects, and
wherein the generation unit extracts the past inspection
result and the past repair result of the reference struc-
tural object among the first reference structural objects
which 1s similar to the mspection result of the target
structural object based on the multi-dimensional
parameters of the first reference structural objects and
the mspection result of the target structural object, and
generates the repair plan based on the extracted past
inspection result and the extracted past repair result.
15. The repair plan drafting support system according to
claim 1, wherein
the recording unit further records attribute information
including at least one of utilization information, envi-
ronment information, or structure information of ret-
erence structural objects, the past inspection results and
the past repair results of the reference structural
objects;
the generation umt extracts first reference structural
objects having attribute information similar to attribute
information of the target structural object among the
reference structural objects, and
the generation unit extracts the past inspection result and
the past repair result of a reference structural object
among the first reference structural objects which 1s
similar to the mspection result of the target structural
object based on a Euclid distance between the multi-
dimensional parameters of the first reference structural
objects and the inspection result of the target structural
object, and generates the repair plan based on the
extracted past inspection result and the extracted past
repair result.
16. A repair plan drafting support method of supporting
drafting of a repair plan, the method comprising:
recording past mspection results and past repair results of
reference structural objects;
recerving an input of an inspection result of a target
structural object which 1s a drafting target of the repair
plan, the inspection result of the target structural object
includes multi-dimensional parameters indicating
evaluation values of a plurality of members of the target
structural object;
comparing the past inspection results and the past repair
results of the reference structural objects with the
ispection result of the target structural object, each of
the past mspection results of the reference structural
objects includes multi-dimensional parameters indicat-
ing evaluation values of a plurality of the members of
the reference structural objects;
extracting a past imspection result and a past repair result
of a reference structural object among the reference
structural objects which 1s similar to the inspection

result of the target structural object based on the
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multi-dimensional parameters of the reference struc- a generation function of comparing the past inspection

tural objects and the inspection result of the target
structural object; and generating a repair plan of the
target structural object based on the extracted past

results and the past repair results of the reference
structural objects with the inspection result of the target
structural object, each of the past repair results of the
reference structural objects includes multi-dimensional

inspection result and the extracted past repair result; 3 ructura : )
and parameters indicating evaluation values of a plurality of
. . the members of the reference structural objects;
outputting the generated repair plan. : : - :
_ ' ' extracting a past inspection result and a past repair result
17. A non-transitory computer readable recording medium of a reference structural object among the reference
storing a repair plan dratting support program, which sup- - structural objects which 1s similar to the inspection

ports drafting of a repair plan, causing a computer to realize: result of the target structural object based on the

multi-dimensional parameters of the reference struc-
tural objects and the inspection result of the target
structural object; and generating a repair plan of the
target structural object based on the extracted past
ispection result and the extracted past repair result;
and

an output function of outputting the repair plan.

a recording function of recording past inspection results
and past repair results of reference structural objects;

an input function of receiving an mput ol an 1nspection
result of a target structural object which 1s a drafting 15
target of the repair plan, the inspection result of the
target structural object includes multi-dimensional
parameters indicating evaluation values of a plurality of
members of the target structural object; S I T
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